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Abstract. Africa is the single largest continental source of
biomass burning emissions. Here we conduct the ﬁrst anal-
ysis of one full year of geostationary active ﬁre detections
and ﬁre radiative power data recorded over Africa at 15-min
temporal interval and a 3km sub-satellite spatial resolution
by the Spinning Enhanced Visible and Infrared Imager (SE-
VIRI) imaging radiometer onboard the Meteosat-8 satellite.
We use these data to provide new insights into the rates and
totals of open biomass burning over Africa, particularly into
the extremely strong seasonal and diurnal cycles that exist
across the continent. We estimate peak daily biomass com-
bustion totals to be 9 and 6 million tonnes of fuel per day in
the northern and southern hemispheres respectively, and total
fuel consumption between February 2004 and January 2005
is estimated to be at least 855 million tonnes. Analysis is
carried out with regard to ﬁre pixel temporal persistence,
and we note that the majority of African ﬁres are detected
only once in consecutive 15 min imaging slots. An inves-
tigation of the variability of the diurnal ﬁre cycle is carried
out with respect to 20 different land cover types, and whilst
differencesarenotedbetweenlandcovers, theﬁrediurnalcy-
cle characteristics for most land cover type are very similar
in both African hemispheres. We compare the Fire Radia-
tive Power (FRP) derived biomass combustion estimates to
burned-areas, both at the scale of individual ﬁres and over
the entire continent at a 1-degree scale. Fuel consumption
estimates are found to be less than 2kg/m2 for all land cover
types noted to be subject to signiﬁcant ﬁre activity, and for
savanna grasslands where literature values are commonly re-
ported the FRP-derived median fuel consumption estimate of
300g/m2 is well within commonly quoted values. Meteosat-
derived FRP data of the type presented here is now avail-
able freely to interested users continuously and in near real-
time for Africa, Europe and parts of South America via the
EUMETSAT (European Organisation for the Exploitation of
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Meteorological Satellites) Land Surface Analysis Satellite
Applications Facility (http://landsaf.meteo.pt/). Continuous
generation of these products will allow the types of analy-
sis presented in this paper to be improved and extended, and
such multi-year records should allow relationships between
climate, ﬁre and fuel to be further examined.
1 Introduction
Biomass burning is a key Earth system process, a major ele-
ment of the terrestrial carbon cycle and a globally signiﬁcant
source of atmospheric trace gases and aerosols (Hao et al.,
1996; Andreae and Merlet, 2001). Depending on their size,
location and timing, ﬁres signiﬁcantly modify land surface
properties, inﬂuence atmospheric chemistry and air quality,
and perturb the radiation budget (Intergovernmental Panel on
Climate Change (IPCC), 2001). Millions of square km of the
African landscape are burned each year, and ﬁre in Africa is
characterized by strong variability, particularly diurnally and
seasonally (Giglio et al., 2006b). African ﬁres are responsi-
ble for an average of perhaps 30 to 50% of the total amount
of vegetation burned globally each year, making Africa, on
average, the single largest biomass burning emissions source
(Andreae, 1991; van der Werf et al., 2003; van der Werf et
al., 2006). Burning of biomass is accompanied by a wide va-
riety of characteristic spectral signatures that can be detected
by remote sensing, including those related to thermal emis-
sions from actively burning ﬁres, to the albedo and spectral
reﬂectance changes induced by newly burned surfaces, and
to the presence of smoke plumes containing trace gas and
aerosols in highly elevated concentrations (Trentmann et al.,
2002; Jost et al., 2003). For these reasons, and because of
the widespread and variable nature of global biomass burn-
ing, remote sensing from Earth observation (EO) satellites
are considered pivotal to better characterizing the extent and
inﬂuence of this global phenomenon. So called “hotspot”
records of detected actively burning ﬁre locations probably
represent the longest duration application of satellite EO in
Published by Copernicus Publications on behalf of the European Geosciences Union.850 G. Roberts et al.: Annual african biomass burning temporal dynamics
thestudyofbiomassburning(Dozier, 1981). Mostsuchstud-
ies have relied on data from polar-orbiting satellites, but their
restricted overpass frequency, coupled with the diurnal ﬁre
cycle, means that the information provided typically repre-
sents a limited temporal sample that may not be fully consis-
tent with the need to link emissions estimates to models of at-
mospheric transport and chemistry (Moula et al., 1996; Wit-
tenberg et al., 1998; Hyer et al., 2007). For these reasons, the
potential for using geostationary systems for this purpose has
received a signiﬁcant amount of attention (Prins and Menzel,
1994; Prins et al., 1998; Govaerts et al., 2002; Roberts et al.,
2005). In particular, active ﬁre detections derived from the
Geostationary Operational Environmental Satellite (GOES)
satellite have been used by Reid et al. (2004) and Holben
et al. (1996) to parameterize the lower boundary condition
of atmospheric process models in order to determine smoke
emissions longevity, transport, effects and fate, and despite
their relatively coarse spatial resolution (4km at nadir) the
GOES-derived active ﬁre data has shown signiﬁcant impacts
on forecasts of atmospheric aerosol loading (Reid et al.,
2004).
The Meteosat -8 and -9 satellites of the Meteosat Sec-
ond Generation system, were launched in 2002 and 2005,
respectively, and offer the potential of geostationary active
ﬁre detection across Africa, Earth’s most ﬁre-affected conti-
nent. Both satellites carry the SEVIRI instrument, an imag-
ing radiometer with a 3km sampling distance at the sub-
satellite point and a repeat cycle that provides measurements
in eleven spectral channels covering the 0.6–14µm range ev-
ery 15min. The reader is referred to Aminou et al. (1997)
for a full technical description of SEVIRI, and to Roberts
et al. (2005) for an introduction on how the multi-spectral
radiance measures it provides can be used to identify the
“hotspot” pixels containing actively burning ﬁres. At each
such pixel, the rate of Fire Radiative Energy (FRE) release,
also called the FRP, can also be retrieved from the instru-
ments infrared radiance measures. FRP is highly correlated
to the rate of fuel consumption and thus smoke emissions
production (Wooster et al., 2005; Freeborn et al., 2008) and
the temporal integrationof FRPprovides a measure of aﬁre’s
FRE, which can be converted to an estimate of total fuel con-
sumption using the linear relations presented in Wooster et
al. (2005):
M=FRE×β (1)
where M is the biomass combusted (kg), FRE is the Fire
Radiative Energy (MJ), and β is the radiative fuel con-
sumption factor, estimated as 0.368kg/MJ by Wooster et
al. (2005).
This paper concentrates on exploiting the ﬁrst full year of
active ﬁre detections, FRP and FRE data recorded by SE-
VIRI over the African continent, in order to investigate the
seasonal and diurnal cycle of biomass burning in Northern
and Southern Hemisphere Africa (NHA and SHA), the pat-
tern and amounts of fuel consumed, and how these vary with
land cover. Over selected ﬁres, comparisons are also made to
measurements of fuel consumption derived via the alterna-
tive burned area based approach, for which data on pre-ﬁre
fuel load are estimated from net primary production datasets.
Dry matter fuel is ∼48% carbon, and such data on biomass
burning carbon emissions maybe of relevance to the infor-
mation requested by the United Nations Framework Con-
vention on Climate Change (UNFCCC), to which the major-
ity of African countries are signatories (Braatz et al., 1995).
Currently, African nations are unable to readily beneﬁt, ei-
ther ﬁnancially or technologically, from emissions mitigation
schemes implemented under the Clean Development Mech-
anism (CDM) of the Kyoto Protocol, which focus primar-
ily on more easily quantiﬁed industrial emissions from fossil
fuel burning (Williams et al., 2007). Improved quantiﬁcation
of other carbon sources (and sinks), and how these might
be made to vary with altered land use practices for example,
may offer the potential to enable African nations to derive
improved beneﬁts in future.
2 Dataset description and continental scale
ﬁre dynamics
The data used in this work were produced via application of
the ﬁre detection algorithm recently described in Roberts and
Wooster (2008) to SEVIRI level 1.5 imagery covering Febru-
ary 2004 to January 2005 (the data for January 2004 still
being part of the SEVIRI instrument commissioning phase).
Figure1showsthespatialandtemporalpatternofﬁresacross
the African continent, derived from the more than 35000 im-
ages processed as part of this study. It is apparent that in
NHA, burning occurs primarily in the Sahel, and moves from
the northern to the Southern Sahel between November and
February, whilst in SHA ﬁres occur primarily between June
and October, generally moving from the northeast to south-
west of this hemisphere. Fires are much less common in the
equatorial areas of the “woodland” landcover class, which is
dominated by generally moist tropical forest that is resistant
to burning when in an undisturbed state (Bucini and Lambin,
2002).
Notable exceptions from the gross patterns apparent in
each hemisphere occur in NHA in Algeria and Morocco,
where ﬁres are evident in June and July in agricultural areas
close to the coast. There are also some ﬁres in the interior
of Algeria at this time, mixed with signals from oil and gas
reﬁneries. In SHA, South Africa also displays a longer ﬁre
season than most other areas, with some degree of burning
occurring throughout the year.
Three months (February, May and August) of the SEVIRI-
deriveddatasetshowninFig.1werecomparedindetailtoac-
tive ﬁre data derived from the polar orbiting Moderate Res-
olution Imaging Spectroradiometer (MODIS) sensor, in or-
der to quantitatively understand the geostationary dataset un-
certainties. Being of a signiﬁcantly higher spatial resolution
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Fig. 1. Geostationary active ﬁre detections over Africa for 2004, colored by day of detection. Multiple ﬁres in the same grid cell are given
the date of the last 2004 burning event. Inset map: Global Land Cover 2000 land cover map aggregated into four broad land cover classes.
(1km at the sub-satellite point), and with a wide dynamic
range Mid Infrared (MIR) spectral channel, MODIS is well
suited to act as a reference sensor for the SEVIRI FRP mea-
sures, and this comparison is reported in detail in Roberts
and Wooster (2008). A short summary repeated here due
to its relevance for the interpretations made in the current
study. Figure 1 shows that over these three months, African
ﬁre activity is extremely widespread and traverses the entire
continent, and the comparison between the geostationary and
polar-orbiter derived active ﬁre datasets indicates that SE-
VIRI has a false alarm rate of 6–8% in terms of detected
ﬁre pixels, with these misclassiﬁed ﬁre pixels being respon-
sible on average for only 4–6% of the total per-scene FRP.
This false alarm rate is comparable to that of other active ﬁre
detection products where such error statistics have been as-
sessed and published (e.g. Giglio et al., 2003; Feltz et al.,
2003). Neither SEVIRI nor MODIS can detect ﬁres through
thick meteorological cloud, though fortunately cloud cover
is minimized during the African ﬁre season in both hemi-
spheres. When a ﬁre is detected near contemporaneously
(±6min) by both SEVIRI and MODIS, the FRP measures
from each sensor show a high degree of agreement (r2=0.87,
p<0.0001), despite the time difference. Thus, provided that
a ﬁre is large and/or sufﬁciently intensely burning to be de-
tectable from geostationary orbit, which only requires that
the actively burning ﬁre covers between 0.1% and 0.01%
of a pixel (Wooster et al., 2005), then SEVIRI should pro-
vide a measure of its radiative energy emission rate suitable
for estimating its fuel consumption. Summing the FRP de-
tected from all ﬁres at the regional scale (i.e. ∼1/3 of the
African continent), SEVIRI underestimates total FRP com-
pared to MODIS (Roberts and Wooster, 2008). Two parame-
ters fundamental to a sensor’s ability to detect and character-
ize ﬁres are the minimum detectable ﬁre size and minimum
measurable FRP, and the maximum ﬁre size and FRP ob-
servable without sensor saturation. These are primarily con-
trolled by the sensor’s MIR channel saturation temperature,
Instantaneous Field of View (IFOV) and spectral response
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function. SEVIRI’s MIR channel saturates at 335K, result-
ing in an underestimation of FRP over the largest and/or
most intense ﬁres, but this occurs in less than 1% of the to-
tal number of ﬁre pixels detected in the level 1.5 SEVIRI
data over Africa (Roberts and Wooster, 2008). The great-
est cause of total FRP underestimation is rather the omis-
sion of low intensity/smaller ﬁres, that remain undetected by
the coarser spatial resolution geostationary sensor but which
can be detected by MODIS. The degree of FRP underestima-
tion varies spatially and temporally (Freeborn et al., 2009),
however Roberts and Wooster (2008) indicated that it is rel-
atively stable given sufﬁciently wide integration periods, and
all continental-scale FRE values presented herein have there-
fore been adjusted for these effects where stated.
For the purposes of this study the raw SEVIRI-derived ac-
tive ﬁre data were gridded to a 1◦ resolution and adjustments
made for both missing (small or low intensity) ﬁres incapable
ofbeingdetectedbySEVIRI,andthepercentagecloud-cover
within each grid cell that can potentially mask ﬁres from
view, the corrections being made using the methods reported
in Roberts et al. (2005) and Roberts and Wooster (2008).
The FRP measures were corrected for atmospheric attenu-
ation using the MODerate resolution atmospheric TRANs-
mission (MODTRAN) v4.0 radiative transfer code (Berk et
al., 1999), parameterized using a tropical atmospheric pro-
ﬁle and with water vapor concentration derived from three-
hourly re-analysis data provided by the European Center for
Medium Range Weather Forecasting (ECMWF) interpolated
to the SEVIRI temporal frequency. Surface height estimates
from the GTOPO30 digital elevation model (DEM) and a
23km visibility were also assumed in the MODRTAN pa-
rameterization.
Using the gridded FRP data, Fig. 2 illustrates the tempo-
ral dynamics of biomass consumption across Northern and
Southern Hemisphere Africa. May and October represent
the times of transition between burning in NHA and SHA,
and burning is overall weakest at these times due to the
shift in wet and dry seasons between hemispheres. In NHA,
peak burning occurs in January where up to 9Tg (9 mil-
lion tonnes) of biomass burn each day, whilst in SHA burn-
ing peaks in July at 6Tg per day. The mean daily com-
bustion rate of biomass over Africa is 2Tg (observed) and
2.3Tg (cloud-cover weighted). The impact of the cloud
cover correction actually varies signiﬁcantly between sea-
sons and hemispheres, becoming more signiﬁcant on either
side of the dry season (a time when absolute biomass burn-
ing activity is reduced). The minimum (<1%) and maxi-
mum (40%) daily correction factors occur in the dry and
wet seasons, respectively in both hemispheres.Schroeder et
al. (2008) found that using the same cloud-cover adjustment
approach assumed here for the Amazon region resulted in an
overestimation of the number of ﬁre pixels, and indeed ﬁres
are not expected to be more prevalent under clouds than un-
der clear skies. Therefore we believe that the cloud-cover
weighted data provided here represent a maximum estimate
Fig.2. TemporaldynamicsofdailyFREreleaseforNorthernHemi-
sphere (NH) and Southern Hemisphere (SH) Africa, together with
the equivalent daily amount of biomass that must be combusted
to release that energy, calculated using Equation 1 as detailed in
Wooster et al. (2005). Observed and cloud-cover weighted data are
shown and these data have been corrected for atmospheric effects
and for missing small/low intensity ﬁres.
of total FRE that would have been observed in the absence
of clouds (and thus a maximum fuel consumption measure),
whereas the observed FRE represents a minimum estimate.
Estimates of the total amount of biomass consumed by
ﬁre in NHA and SHA are 414Tg and 440Tg, respectively
using cloud weighted observations (biomass combusted esti-
mates using uncorrected observations are 362Tg and 402Tg,
respectively). The marginally greater amount consumed in
SHA mirrors the ﬁndings of van der Werf et al. (2006),
who also determined that whilst a larger area is burned in
NHA (129×104 km2 as compared to 75×104 km2 in SHA)
the generally greater fuel loads in SHA result in increased
overallfuelconsumption. Thetotal855TgFRE-derivedcon-
tinental scale estimate for total fuel consumption is, how-
ever, signiﬁcantly lower than that derived by certain bottom-
up emissions inventory schemes. Based on a combination
of MODIS ﬁre “hotspot” detection and modeling, van der
Werf et al. (2003) estimate the fuel consumption to be ap-
proximately three times the FRE-derived estimate for 2004,
whilst, Lehsten et al. (2008) used burned area estimates and
the SPread and InTensity of FIRes and Emissions (SPIT-
FIRE) model to estimate a total consumption of 1400Tg for
the same period. Estimates for the year 2000 made by Ito and
Penner (2004) are even higher at between 1824 and 2705Tg.
However, lower ﬁgures also exist, such as for the peak pe-
riod of burning (May–October) in SHA where Scholes et
al. (1996) derived an estimate of 90–264Tg and Korontzi
et al. (2004) 174Tg (April–October). Over the same time-
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Fig. 3. Total amount of fuel burned in open vegetation ﬁres in countries in (a) Southern Hemisphere, and (b) Northern Hemisphere Africa.
Data were derived using the geostationary ﬁre detections and FRE measurements shown in Figs. 1 and 2. Whiskers (red) indicate values
after the correction for cloud obscuration. Countries not shown had no substantial ﬁre detections. Note: unlike the continental scale fuel
consumption totals in Fig. 2, these per-country fuel consumption estimates are uncorrected for the impact of undetected small/low intensity
ﬁres since the spatial scale of these country-wide measures maybe too small to apply the regionally-derived adjustment.
frame (albeit different years), the FRE-derived estimate is
263–290Tg (observed vs cloud-weighted FRE), which is in
reasonable agreement with the upper bounds of these other
estimates. Therefore considerable uncertainty still remains
astothetruefuelconsumptionmagnitudeexperiencedacross
Africa, but the FRE approach is the only method to directly
relate fuel consumption to a directly observable variable (i.e.
the radiant heat released by burning) and thus it provides an
important point of comparison to the model-based method-
ologies available as alternatives.
Figure 3 presents a ﬁrst annual country-by-country anal-
ysis of total biomass consumption across Africa derived
via the FRE method. Across NHA burning appears rel-
atively evenly distributed, with Central African Republic
(CAR), Chad and Sudan the greatest sources (20–65Tg of
fuel burned in each). In SHA the vast majority of burn-
ing occurs in Angola, Democratic Republic of Congo (DRC)
and Zambia (26–100Tg burned each). The magnitude of the
cloud cover correction, already illustrated in Fig. 2 is seen to
be largest over DRC, Angola, Sudan and CAR, yet its total
impact is still relatively minor.
3 FRP temporal dynamics and relationship
to landcover
Information on the timing of ﬁres, on the land-cover type
affected and on the amount of fuel burned is vital for prop-
erly parameterising emissions sources and for linking these
sources to models of smoke dispersion and atmospheric
chemical transport. For example, earlier dry season ﬁres tend
to exhibit more incomplete combustion due to the higher fuel
moisture content, and consequently emit a greater propor-
tion of less oxidized products such as CO than do later dry
season events (Korontzi, 2005). Figure 4a presents the tem-
poral proﬁles of daily FRE and equivalent biomass combus-
tion calculated on a 10-day mean basis, for the four main
land cover classes derived through aggregation of the 21 in-
dividual landcover types of the Global Land Cover 2000 map
(GLC2000; Mayaux et al., 2004; shown in Fig. 1). Accord-
ing to this categorization, Northern (and Southern) Hemi-
sphere Africa is 19 (46)% woodland, 17 (25)% grassland,
7 (15)% shrubland, and 12 (9)% cropland by area. The
remaining areas are comprised of either desert or water (45%
and 5%, respectively for NHA and SHA). African biomass
burning appears dominated by ﬁres in woodland (72% of all
ﬁre pixels), followed by shrubland (14%), cropland (8%) and
grassland(6%). InNHA,areasofshrublandandcroplandex-
perienceashortﬁreseasonlimitedtobetweenNovemberand
February, when agricultural residue (stubble) is burnt after
harvest (Yevich and Logan, 2003). In SHA woodland burn-
ing dominates the ﬁrst half of the dry season (May–July),
but becomes less dominant later on (August–October) when
burning in shrubland and grassland becomes more signiﬁ-
cant. This corresponds to the southward movement of ﬁre
activity from the south-central African woodlands into the
shrublands and grasslands of South Africa, as can be seen in
Fig. 1.
Figure 4c presents the time-series of 10-day mean per-
pixel FRP to match the data on mean 10-day FRE shown in
Fig. 4a. In NHA, around the onset of the main burning sea-
son (October/November) there is correspondence between
increasing mean per-pixel FRP (Fig. 4c) and the increasing
FRE (Fig. 4a). Conversely, from the start of the time-series
(February 2004), the mean per-pixel FRP of grassland and
woodland tends to increase until the end of the dry season
where the magnitudes are maximized (March–April), even
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Fig. 4. Temporal dynamics of African biomass burning in the four key land cover classes depicted in Fig. 1, calculated separately for Northern
Hemisphere (a and c) and Southern Hemisphere (b and d) Africa. Top row shows the 10-day mean FRE release, together with the equivalent
amount of biomass that must be combusted to release that energy calculated using Eq. (1) as detailed in Wooster et al. (2005). Bottom row
shows the mean FRP per detected ﬁre-pixel, together with the equivalent rate of biomass combustion required to release radiative energy at
that rate. Note: since Fig. 4c and d show per-pixel FRP values, they are not adjusted for the effect of undetected small/low intensity ﬁres as
was the FRE data shown in Fig. 4a and b.
though the FRE has already decreased substantially by this
time. Between February and April, the mean FRP for shrub-
land ﬂuctuates before gradually decreasing through the latter
part of the dry season. The inference is that there is less fuel
being burned at this time compared to earlier in the dry sea-
son, but where ﬁres are occurring the combustion rates are
high. One reason maybe that much of the available areas of
fuel have already been burned by this stage of the season, but
what is left has been drying for many months and so burns
rapidly and extensively.
The situation is somewhat similar in the Southern Hemi-
sphere (Fig. 4b and d). A gradual increase in the mean FRP is
observed between May and September for grassland, shrub-
land and to a lesser extent woodland. The increasing mean
per-pixel FRP values as the dry season progresses are pos-
sibly related to decreasing fuel moisture and a resultant in-
creasing combustion completeness. This is consistent with
theﬁndingsofHoffaetal.(1999)deducedfromexperimental
burning, where decreasing fuel moisture and increasing ﬁre-
line intensity were noted as the dry season progressed. Fires
in grasslands, shrublands, and to a lesser extent woodlands,
have the highest mean per-pixel FRP in September.
Figure 5 details the FRP and fuel consumption data in
more detail with respect to a series of more ﬁnely resolved
land cover classes adapted from GLC2000. Figure 5a records
the total amount of fuel burned in each class as derived from
the small-ﬁre and cloud-cover adjusted FRP data, whilst
Fig. 5b records each class’s total surface area as a percent-
age of African land area. As expected, due to the differing
fuel loads, likelihood of ignition and ease of combustibil-
ity of fuel between each class, the amount of fuel burned is
not simply proportional to the relative class area. Figure 5c
shows the mean, 10th and 90th percentiles of the per-pixel
FRP measures for each land cover class. The highly skewed
nature of the per-pixel FRP distribution for many classes is
evident from the fact that the mean frequently falls towards
the bottom end of the distribution. The mean per-pixel FRP
showsa45MWrange(from20to65MW)acrosstheclasses,
and in general it is the land cover classes that would be ex-
pected to have higher proportions of herbaceous ﬁne fuels,
for example grasslands, that show the greater values. Fine
fuels dry most readily and are thus likely to be dominated
by ﬂaming combustion andhigher combustioncompleteness.
In contrast, forest cover types typically exhibit the lowest
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Fig. 5. Biomass burning characteristics of the main ﬁre-affected land cover classes of the GLC2000 database. (a) Total per-land cover class
fuel consumption, (b) area of each land cover expressed as the percentage of the total Africa land area, and (c) 10th percentile and 90th
percentile (bar) and mean per-pixel FRP (blue cross) of ﬁre pixels detected within each land cover class.
mean per-pixel FRPs, agreeing with the ﬁndings of Giglio
et al. (2006b) using MODIS-derived FRP measures, and this
is likely to be related to the higher fuel moisture content and
lower combustion completeness found in forests when com-
pared to senescent grasses. An exception to this occurs in
montane forest, where the mean FRP (65MW) is higher than
fortheremainingforestcovertypes. Thisisduetothegreater
proportion of ﬁre pixels detected with high FRP magnitudes
in this class, and to a lesser extent also in sub-montane for-
est. Over 95% of the ﬁre pixels detected in lowland forest
had FRP values <40MW, and 45% (12000) of these detec-
tions had an FRPof 25MW. Ofthe ﬁredetections inmontane
forest, 75% had magnitudes <40MW whilst the remaining
25% had FRP values of between 40 and 420MW. Analysis
of the MODIS Vegetation Continuous Fields (VCF) dataset
(Hansen et al., 2003) indicates that the montane forest cover
type is composed of an average 48% shrub/grass cover and
52% tree cover, values similar to those for the remaining for-
est cover types. This similarity in fuel makeup means that
the cause of higher mean FRP observations found in mon-
tane forest remains unclear.
Figure 6 shows information on ﬁre pixel persistence, cal-
culated as the number of consecutive 15min. SEVIRI imag-
ing slots that a ﬁre pixel is detected at the same location. To a
ﬁrst approximation, the temporal pattern in the northern and
Southern Hemispheres appears to be the inverse of one an-
other, corresponding to durations being greatest during the
period of peak burning in each hemisphere, and to the fact
that outside of this period the majority of ﬁre pixels are de-
tected in only a single consecutive imaging slot. This pattern
of short duration ﬁre pixels outside of the peak ﬁre periods is
likely to be related to a combination of factors, (i) ﬁres at this
time may indeed last for shorter durations than at peak times
due to non-ideal burning conditions; (ii) per-pixel FRPs tend
to be lower at these times (Fig. 4) and so more ﬁre pixels ap-
proach the limit of detectability from SEVIRI, and thus they
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Fig. 6. Monthly temporal active ﬁre pixel persistence in Northern and Southern Hemisphere Africa, calculated from the number of consecu-
tive 15min SEVIRI imaging slots that a ﬁre pixel is detected at the same location.
maybe detected on one slot but not the next even though they
may actually still be burning; and (iii) cloud cover obscura-
tion of ﬁre affected areas increases outside of the main burn-
ing periods (Fig. 2) and so may also lead to more intermittent
ﬁre pixel detections. It should also be remembered that ﬁres
move across the landscape as they consume fuel, and so in
any case will not persist in one pixel indeﬁnitely until the ﬁre
is extinguished. In addition to ﬁre spread, the geometric sta-
bility of the SEVIRI dataset is also important to this analysis.
The measured co-registration error of the SEVIRI instrument
is typically less than 0.4km (at nadir) in both the north-south
and east-west directions (EUMETSAT, 2006).
The fact that so many ﬁre pixels across Africa fail to be
detected in more than one consecutive SEVIRI imaging slot
suggests that temporal ﬁltering of potential ﬁre pixels dur-
ing the ﬁre detection process is an inappropriate method for
minimizing hotspot false alarms in this environment. For-
tunately the ﬁre detection algorithm used here and detailed
in Roberts and Wooster (2008) avoids this approach, instead
relying on a series of detailed spectral and spatial ﬁltering
tests. The algorithm used to generate the GOES Automated
Biomass Burning Algorithm (ABBA) ﬁre products that cover
the America’s (Prins and Menzel, 1992; Prins et al., 1998)
does use a temporal ﬁlter to remove all ﬁres pixels detected
only once, but the conditions found over South Americas ex-
tensive and highly-cloud affected tropical forest region may
make this approach necessary in that case.
4 Comparison to independent data sources
In addition to active ﬁre detections, two other types of re-
motely sensed data sources are commonly used to investi-
gate open biomass burning, namely burned area measures
(e.g. Roy et al., 2002; Tansey et al., 2004; Zhang et al.,
2003) and trace gas/aerosols column concentrations (e.g. Ed-
wards et al., 2006; Jost et al., 2003). In relation to the current
work, both these types of data can provide independent in-
formation to which the SEVIRI-derived active ﬁre data can
be compared.
4.1 Measurements of pollution in the troposphere (MO-
PITT) CO retrievals
Liu et al. (2005) previously demonstrated a strong agree-
ment between Advanced Very High Resolution Radiometer
(AVHRR) derived active ﬁre pixel counts and MOPITT de-
rived CO column concentrations over ﬁre-affected regions of
North America. However, for Southern Africa a number of
researchers have reported a mismatch in seasonality between
these types of data. Measured CO amounts and the resul-
tant “top-down” source emissions inventories derived from
inverse modeling are reported to peak between August and
October in Southern Africa (P´ etron et al., 2004; Edwards
et al., 2006), whilst emissions derived from ﬁre-count or
burned-area driven “bottom-up” schemes, such as the com-
monly used Global Fire Emissions Database (GFEDv2) of
van der Werf et al. (2003, 2006) generally peak in July or Au-
gust (as do the SEVIRI-derived combustion estimates shown
in Fig. 2). To demonstrate this disagreement, Fig. 7 pro-
vides a direct comparison between CO concentrations re-
trieved at ﬁve different atmospheric levels from MOPITT,
and the SEVIRI-derived biomass combustion estimates for
the same period. For SHA, the shape of the CO time series
at the lowest atmospheric level (1000hPa) closely matches
that of the SEVIRI-derived FRE proﬁle (Fig. 7a), but with a
temporal shift of around two months as has been reported for
example in the GFEDv2 vs. MOPITT comparisons discussed
above. CO proﬁles at the higher atmospheric levels show a
similar trend, but with damped amplitude. Swap et al. (2003)
proposedthattheseasonalitydiscrepancybetweensuch“top-
down”and“bottom-up”emissionsinventoriesmaybearesult
of local meteorological conditions that serve to locally trap
and recycle regional smoke pollution. However, Edwards et
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Figure 7: Comparisons between atmospheric carbon monoxide (CO) concentrations derived from  1204 
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Fig. 7. Comparisons between atmospheric carbon monoxide (CO) concentrations derived from the MOPITT sensor, and SEVIRI-derived
biomass burning measures made over Southern (a and b) and Northern Hemisphere (c and d) Africa. CO concentrations were calculated
from daytime 1◦×1◦ MOPITT level 3 data of cloud-free land areas, with the ﬁltering approach of Hyer et al. (2007) used to screen out CO
retrievals where the a priori concentrations were responsible for more than 40% of the retrieved proﬁle. The SEVIRI-derived variable is
shown at left (a and c) as mean monthly FRE, and at right (b and d) as mean per-pixel FRP.
al. (2006) used an atmospheric chemical transport model to
demonstrate that three quarters of ﬁre-emitted CO would be
transported out of the region within 8 days of emission, a pe-
riod too short to explain the much longer seasonality differ-
ences observed. As an alternative explanation, van der Werf
et al. (2006) suggest the difference may result from increased
combustion of woody material towards the end of the dry
season. This may in part be supported by the data of Fig. 7b,
which indicates that mean per-pixel FRP (which, assuming
fuel density remains invariant, could be a potential indica-
tor of combustion completeness) peaks at the same time as
the CO concentration. Figure 4b indicates that this apparent
southern African combustion completeness maxima is asso-
ciated with simultaneous peaks in the per-pixel FRP data of
grasslands and shrublands, though the former are burning a
more signiﬁcant amount of fuel (Fig. 4a). The agreement be-
tween the trends in mean per-pixel FRP (i.e. the mean rate
of biomass combustion per SEVIRI ﬁre pixel) and the CO
data suggests that with further reﬁnement such FRP-derived
measures might enable better parameterisation of emissions
factor temporal evolution over the burning season. For com-
pleteness, Fig. 7c and d also illustrates the MOPITT CO and
SEVIRI FRP data for Northern Hemisphere Africa. Com-
pared to SHA, the CO concentrations here are rather constant
across the year and appear somewhat independent of ﬁre ac-
tivity.
4.2 Per-Fire burned area-derived fuel consumption
measures
The analysis here concentrated on a series of individual
large ﬁres that burned in the 2004 dry season in southern
Africa. Amounts of fuel burned were estimated using the
FRE approach, and these were compared to estimates de-
rived from the pre-ﬁre fuel load and a measurement of the
post-ﬁre burned area. Fuel loads were calculated from time-
integrated net primary production (NPP) measures (available
from http://geofront.vgt.vito.be) derived from Syst` eme Pour
l’Observation de la Terre (SPOT) VEGETATION (VGT)
reﬂectance imagery and the carbon exchange model of (Ver-
oustraete et al., 1996). Assessment of the post-ﬁre burned
areawasconductedusingMODISvisiblechannelreﬂectance
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imagery. The baseline study region for this comparison was
selected using a burned area map taken from the ESA Glob-
carbon project (Plummer et al., 2007). Areas of deciduous
woodland, shrubland and grassland that burned during the
2003 Southern African dry season (May–October) were se-
lected as the study zones, assuming that these represent areas
where fuel is likely to have been burned nearly completely
in 2003 since combustion completeness is stated to vary be-
tween 83 and 98% in such regions (Scholes et al., 1996;
Hoffa et al., 1999; Sa et al., 2005). Burned area products are
known to miss some ﬁre-affected areas (i.e. errors of omis-
sion) but are far less perturbed by errors of commission and
so provide a suitable mask for identifying such deﬁnitively
ﬁre-affected zones (Simon et al., 2004). Assuming therefore
that the majority of fuel capable of burning was removed dur-
ing the 2003 ﬁre events, the NPP data collected during the
2004 subsequent growing season was used to derive the po-
tential fuel load available for the 2004 ﬁre events.
SEVIRI active ﬁre detections were used to identify large
ﬁresthatburnedforbetween1and5daysin2004inthestudy
zones identiﬁed by the 2003 Globcarbon burned area mask.
Eighteen such ﬁres were identiﬁed, and MODIS level 1b NIR
reﬂectance imagery taken immediately before and after each
ﬁre at a spatial resolution of 250m was used to delineate the
burned area of each event following the approach of Smith et
al. (2007) that essentially involved temporal differencing and
verycarefulmanualinterpretationtoderivethemostaccurate
assessment available. Derived burned areas for the eighteen
ranged from 2 to 40km2.
At each ﬁre, the pre-ﬁre fuel load was calculated from the
SPOT-VGT NPP time-series. NPP measures the production
of new terrestrial vegetation, where carbon is allocated to
plant stems, leaves and roots, and represents a measure of the
difference between carbon uptake during photosynthesis and
carbon expenditure during respiration (Fensholt et al., 2006).
In the SPOT-VGT NPP product, the reﬂectance imagery is
used to estimate the fraction of absorbed photosynthetically
activeradiation(fAPAR)ateach 1kmpixelfor useinthecar-
bon exchange model of Veroustraete et al. (1996). Estimates
of NPP (in units of gC.m2.d) are provided as 10-day means
at the pixel scale via:
GPPd=Sg,d·fAPARd·Fd·C (2)
NPPd=GPPd(1−Ad) (3)
where GPPd=daily Gross Primary Production (GPP;
gC.m2.d), Sg.d is the daily incoming solar radiation
(MJ.m2.d),fAPARd is derived from the NDVI according to
Myneni and Williams (1994), Fd expresses the dependency
of GPP on incoming solar radiation (unitless), C is a factor
(unitless) to account for the dry matter conversion efﬁciency
and Ad is the autotrophic respiratory fraction modeled using
a linear function of daily mean air temperature (unitless).
The NPP data for each ﬁre was spatially integrated across
the 2004 measured burned areas, and integrated temporally
Fig. 8. FRP time series for a single ﬁre that burned on 6th
and 7th August 2004 in an area of northern Botswana (26.12◦ E,
18.28◦ S). The area is classiﬁed as sparse grassland according to
the GLC2000 landcover map, and FRP at a 15-min temporal reso-
lution is calculated from all ﬁre pixels detected at each SEVIRI time
slot. No ﬁre pixels were detected during the evening of 6th August,
though it is likely that the ﬁre was in fact still weakly burning due
to its appearance once more on the morning of the 7th August.
between the times of the 2003 and 2004 ﬁre events. This
provided an estimate of the total available fuel load subject
to each of the 2004 ﬁres (in tonnes). Fuel was assumed to
be dry matter with a 48% carbon content, and the calculated
fuel load densities for the eighteen ﬁres lay between 129 and
295g/m2, with an average of 217g/m2. This compares with
267 to 294g/m2for the same areas as recorded in the widely
used GFEDv2 database (van der Werf et al., 2003). Fuel con-
sumption estimates for each ﬁre were then made by multiply-
ing the total fuel available by the combustion completeness
range of 83–98% quoted previously.
For comparison to these burned area/NPP estimates of fuel
consumption, the time-series of SEVIRI-derived FRP obser-
vations were used to calculate total FRE and thus fuel con-
sumption using Eq. 1. An example ﬁre is shown in Fig. 8,
where it can be seen that combustion rate is highly vari-
able in time and falls to zero at night. Evidently the ﬁre
was actually still burning, but was below the SEVIRI detec-
tion limit, since the next day the ﬁre signal returns. Similar
diurnal patterns were observed for all ﬁres examined, and
during the course of this particular 16km2 ﬁre, 12×106 MJ
of radiative energy was detected by SEVIRI, equivalent to
4400t of fuel burned. For this ﬁre, pre-ﬁre fuel load was
estimated as 420g/m2, making the total available fuel mass
6700t. Comparison of the FRE-derived fuel consumption to
the pre-ﬁre fuel mass indicates that this ﬁre exhibits on ap-
proximately 60% combustion completeness. Of course, there
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Fig. 9. Estimates of the burned area and NPP-derived total fuel
consumption (assuming a 90% combustion efﬁciency) and FRE-
derived total fuel consumption for eighteen ﬁres in Southern Africa
that burned in August 2004. Error bars on the x-axis are based
on the lower (83%) and upper (98%) range of combustion com-
pleteness values from the literature for these cover types. The error
bars on the y-axis are taken from the +/−12.5% uncertainty in the
derivation of FRP according to Wooster et al. (2003).
are uncertainties in the parameterizations made here, includ-
ing in ﬁre pixel errors of omission and commission, FRP at-
mospheric correction, burned area and NPP estimation, loss
of pre-ﬁre biomass to herbivoury and insects, and the fact
that the FRP observations used in this per-ﬁre analysis are
uncorrected for the effects of undetected small/low intensity
ﬁres. The full set of FRE-derived fuel consumption measures
and the NPP/burned area based pre-ﬁre fuel loads are shown
in Fig. 9, and these show in general a strong relationship,
albeit the fuel consumption estimates are always below the
pre-ﬁre fuel load estimates as might be expected given the
uncertainties and biases noted above.
4.3 Continental-scale fuel consumption densities
In order to examine fuel consumption densities calculated for
much larger areas than are covered by the eighteen ﬁres ex-
amined in the previous Section, the 1◦ gridded FRE-derived
total fuel consumption measures were combined with burned
area estimates made for the same grid cell and taken from the
widely used GFEDv2 database (van der Werf et al., 2003).
These burned area measures are in fact derived from a com-
bination of MODIS ﬁre pixel counts and MODIS burned area
mapsasdescribedindetailbyGiglioetal.(2006a). Fuelcon-
sumption densities were calculated at a monthly timestep,
and recorded for the dominant GLC2000 landcover class
within each 1◦ grid cell. Results are shown in Fig. 10, and in-
dicate that fuel consumption density generally increases with
Fig. 10. FRE-derived mean (bar) and median (red cross) estimates
of biomass consumption per unit area for different landcover types
classiﬁed according to the GLC2000 land cover map.
increasing landcover class woody cover – which could in-
dicate the increasing availability of combustible fuel. It is
difﬁcult to validate these estimates for all landcover classes,
although grassland fuel loads in particular have been quite
widely measured and so do provide a point of comparison.
From the current dataset the median fuel consumption for
savanna grasslands is 300g/m2, which agrees quite favor-
ably with literature values: 221–477g/m2 (Shea et al., 1996),
296–397g/m2 (Govender et al., 2006) and 221–700g/m2
(Ward et al., 1996). Tree crops (not illustrated) have a larger
fuel consumption estimate (4.5kg/m2) than the other cover
types. However, there were only 5 grid cells where this cover
type dominates, and two of these showed very high estimates
of FRE and very low estimates of burned area.
5 Diurnal biomass burning dynamics
A great deal of research has been carried out into the spatio-
temporal distribution of African biomass burning (e.g. Giglio
et al., 2006b; Giglio, 2007; Cooke et al., 1996; Dwyer et
al., 2000; van der Werf et al., 2006; Pack et al., 2000).
However, with the notable exception of Giglio (2007), Pack
et al. (2000) and Ichoku et al. (2008), investigations into ﬁre
diurnal variabilities remains rare. This is mostly due the
relative difﬁculty of investigating such variations with po-
lar orbiting sensors. Giglio (2007) has, however, provided
a clear indication that a strong diurnal ﬁre cycle does ex-
ist across Africa, and that it may vary somewhat across the
continent. The most notable feature of geostationary sys-
tems is their frequent imaging capability, and this is here ex-
ploited to further characterize Africa’s diurnal ﬁre cycle at
unprecedented temporal resolutions. Understanding of these
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Fig. 11. Normalised diurnal dynamics of ﬁre pixel detections for twenty different land cover types taken from the GLC2000 database. Red
indicates results for Northern Hemisphere Africa, black for Southern Hemisphere Africa. All times are local time. The time of the cumulative
25th, 50th and 75th percentiles are marked as vertical dashed lines.
diurnal patterns may help the linking between of ﬁre emis-
sions sources and atmospheric transport models, and might
assist in better understanding the mechanisms of land use
and land cover change induced by ﬁre. As Giglio (2007)
point out, it is also often vital to consider such diurnal vari-
ations when considering the sampling biases potentially in-
duced by the use of multiple polar orbiting datasets that may
have varying overpass times.
Figures 11 and 12 present, respectively, an analysis of the
diurnal cycle of active ﬁre detections and FRP for Northern
and Southern Hemisphere Africa. The data were derived us-
ing the full 2004 SEVIRI-derived active ﬁre dataset, and are
categorized by the GLC2000 land cover class. We follow
the method of Giglio (2007), displaying the normalized tem-
poral cycle, and the location of the cumulative 25th, 50th
and 75th percentiles as vertical dashed lines. Figure 11 indi-
cates that a strong diurnal variability exists in ﬁre pixel de-
tections, and for most landcover types this exhibits the form
of a skewed distribution with reduced ﬁre activity between
around midnight and 07:00a.m. local time. This is followed
by an often rapid increase in ﬁres, peaking around 02:00p.m.
local time. Afternoons are mostly characterized by ever de-
creasing burning, but with a slope that is less steep than the
increase seen in the morning period. Similar active ﬁre di-
urnal cycle characteristics were noted by Giglio (2007) us-
ing data from the low-earth orbiting Tropical Rainfall Mea-
suring Mission (TRMM) satellite. The matching FRP di-
urnal cycle is shown in Fig. 12, and for most landcover
classes closely mirrors that of ﬁre pixel detections. Both
parameters typically peak at the same time, although dur-
ing the afternoon FRP typically decreases at a slower rate
than does ﬁre pixel detections. Difference between these pa-
rameters is more evident for certain landcover types, for ex-
ample, swamp bushland/grassland display a decrease in the
number of ﬁre detections around midday, something that is
not evident in FRP. In most cases the temporal distribution
of active ﬁre detections and FRP for a particular landcover
type is similar in both hemispheres. However, the temporal
dynamics of land cover types with few observations (<1% of
total ﬁre detections), such as montane forest (NHA), display
rather noisy temporal proﬁles. In the case of lowland forest
and mangrove, the results appear biased due to these particu-
lar cover types being strongly affected by the build up of day-
time cloud cover, such that the retrieved diurnal cycles tend
toward the inverse of those of all the other landcover classes.
From the data of Fig. 11 it is clear that there are differences
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Fig. 12. Normalised diurnal dynamics of FRP for twenty land cover types taken from the GLC2000 database. Red indicates results for
Northern Hemisphere Africa, black for Southern Hemisphere Africa. All times are local time. The time of the cumulative 25th, 50th and
75th percentiles are marked as vertical dashed lines.
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Figure 13: Mean diurnal duration of fire activity in (a) northern, and (b) southern hemisphere  1332 
Africa, shown across a series of different major land cover types taken from the GLC2000  1333 
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Fig. 13. Mean diurnal duration of ﬁre activity in (a) Northern, and (b) Southern Hemisphere Africa, shown across a series of different major
land cover types taken from the GLC2000 database. Fire diurnal duration is deﬁned as the period of time between the 25th and the 75th
percentiles identiﬁed in Fig. 12.
between the diurnal ﬁre cycle of the different broad land
cover types (e.g. forest, shrublands/woodlands, grasslands
and croplands). These differences were analysed with re-
spect “width” of the diurnal distribution, taken as the 25th
and 75th cumulative percentiles of the active ﬁre pixel
detections (Fig. 11) and FRP (Fig. 12). The full width at
half maximum (FWHM) was not used, since this is more ap-
propriate for properly Gaussian distributions (Giglio, 2007).
Results are shown in Fig. 13, and in general most land cover
types can be seen to have a diurnal “width” of less than
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Fig. 14. Diurnal variation in the mean FRP for twenty land cover types taken from the GLC2000 database. Red indicates results for Northern
Hemisphere Africa, black for Southern Hemisphere Africa. All times are local time.
5h. The narrowest distributions occur for deciduous for-
est/woodland, shrubland and closed grassland, at between 2
and 4h. This is consistent with Giglio (2007), who suggest
the increased woody fuels can limit the periods of the day
when combustion can occur. In contrast, open and sparse
grasslands have a more uniformly distributed biomass burn-
ing diurnal cycle, with a diurnal width of 4 to 8h. Such
herbaceous cover types contain a high proportion of ﬁner fu-
els that are capable of drying rapidly, most likely enabling
ﬁres to persist in an intense manner for a longer period of
the day. The diurnal distribution of biomass burning for
the more herbaceous land cover types actually suggests two
peaks, particularly so in the case of open grassland where
mid-morning and mid-afternoon peaks are separated by a
relative dip around midday (Figs. 11 and 12). To some ex-
tent this phenomenon has been seen with regard to ﬁre pixel
detections in the previous work of Pack et al. (2000) and
Giglio (2007), and a possible cause is the speciﬁc land man-
agement practices followed in both hemispheres and both
parts of the day (i.e. reduced burning around midday, pos-
sibly due to reduced anthropogenic ignitions). Another pos-
sibility is ﬁre detection bias due to the contrast between ﬁre
pixels and surrounding non-ﬁre pixels (upon which the ﬁre
detection algorithm partly depends; Wooster and Roberts,
2008) being reduced around solar noon. However, since the
“twin-peak” phenomena is limited to only one land cover
class this may not be a reliable explanation.
Finally, Fig. 14 presents the diurnal distributions of mean
per-pixel FRP for each land cover type in the GLC2000
database. For most cover types, the maximum value oc-
curs in the early afternoon, and is typically around twice
that found at nighttime. Using polar-orbiting MODIS active
ﬁre data, Ichoku et al. (2008) found similar diurnal trends
in the mean FRP across most of Africa. Cover types with a
greater proportion of herbaceous material typically have the
highest per-pixel FRP, consistent with the data of Fig. 5c.
Generally, results are similar for both hemispheres, although
closed lowland forest and swamp/bushland/grassland are no-
table exceptions. In these cases, the hemisphere with the
greatest number of ﬁre pixel detections in that cover type
shows the greatest mean per-pixel FRP. In the case of closed
lowland forest, the diurnal proﬁles are similar with respect to
temporal proﬁle. During the day the mean FRP magnitudes
are similar although at night the SHA mean FRP is somewhat
greater than the NHA. Analysis of the MODIS VCF dataset
(Hansen et al., 2003) indicates that the ﬁre pixels in SHA
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closed lowland forest are composed of a greater proportion
of shrub/grass vegetation than are those in NHA closed low-
land forest (52% and 35%, respectively). It is possible that
the reduced tree cover in SHA improves the conditions nec-
essary for combustion (i.e. reduced relative humidity, higher
temperatures and greater wind speeds), thus enabling more
effective combustion and which can continue more at night
than in the NHA case.
6 Conclusions
We have conducted an analysis of the spatial and temporal
dynamics of African biomass burning using the ﬁrst full year
of active ﬁre detections and FRP data available from the SE-
VIRI radiometer onboard the Meteosat-8 satellite. These
data were calculated from over 35000 individual SEVIRI
imaging slots, subject to the ﬁre detection and characteriza-
tion routines detailed in Roberts and Wooster (2008). Using
the geostationary observations, patterns of active ﬁre activity
have been quantiﬁed on a continental scale and at a temporal
frequency previously unavailable for investigation. African
biomass burning is shown to involve periods of extreme fuel
consumption, butalsotobehighlyvariableinspaceandtime.
Peakcombustiontotalsare9and6milliontonnesoffuelcon-
sumed per day in the Northern and Southern Hemispheres,
respectively, but with values close to zero at periods outside
of the key dry season characterizing each hemisphere. The
ﬁre diurnal cycle is shown to be strong for both hemispheres
and for most landcover types, with combustion rates peak-
ing early in the afternoon in most cases and with relatively
little combustion at night (at least in terms of that detectable
from geostationary orbit). Peak daytime combustion rates in
the northern and southern hemispheres reach 170 and 200t
of fuel per second, respectively.
This study also presents some of the ﬁrst estimates of the
amount of vegetation consumed annually by open vegetation
burning within each ﬁre-affected African country, calculated
using a common and consistent methodology. Over 60% of
the total fuel burned is consumed by ﬁres in Angola, DRC,
Sudan and the Central African Republic, and over the con-
tinent as a whole we estimate that a minimum of 855 mil-
lion tonnes of biomass was burned in open vegetation ﬁres
in 2004. In both hemispheres, the majority (86%) of ﬁre
detections occur in woodland and shrublands , with crop-
lands (8%) and grasslands (6%) contributing signiﬁcantly
less. Analysis of the temporal persistence of active ﬁre de-
tections indicates that Southern Hemisphere Africa contains
a marginally greater number of ﬁres which burn for longer
in one place than does Northern Hemisphere Africa, and in
both hemispheres the ﬁre pixel persistence increases during
the peak of the burning season. However, overall the major-
ity of ﬁre pixels in Africa are detected in the same place only
one or two consecutive SEVIRI imaging slots, either becom-
ing undetectable between slots or moving into the next pixel
due to ﬁre spread.
We have compared the SEVIRI-derived biomass combus-
tion estimates to burned-area based measures, both at the
scale of individual ﬁres where there is strong agreement, and
over the entire continent at a 1-degree resolution. In the latter
case, where there are sufﬁcient grid cells dominated by a sin-
gle landcover class, the fuel consumption estimates always
averaged less than 2kg/m2. Over savannas, we calculate me-
dian biomass combustion measures of 300g/m2, well within
∼220–700g/m2 range reported in the literature.
In order to be of maximum use to atmospheric scientists
and to those involved in modeling carbon-climate interac-
tions, the types of dataset presented here must ideally be
extended to include multi-year observations capable of be-
ing use to assess interannual variability’s and patterns. In
part to meet this requirement, the EUMETSAT has insti-
gated a process to operationalise the production of the SE-
VIRI FRP product, both at the pixel scale and at a reduced
spatial and temporal resolution that allow appropriate bias
adjustments to be applied for the limitations induced by the
non-detectionofsmaller/lessintenseﬁresandbycloudcover.
These datasets will be produced at the EUMETSAT Land
Surface Analysis Satellite Applications Facility (Land SAF)
and the ﬁrst pre-operational versions are now available for
exploitation by users (http://landsaf.meteo.pt/).
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